ABSTRACT
SOFTWARE DESCRIPTION
Cartographer is implemented for the human, mouse and rat genomes and includes a total of 18 different mapping systems. Chromosomal features from EnsEMBL (Clamp et al., 2003) , such as chromosome bands and the density curves of single nucleotide polymorphisms, DNA repeats, G-C content and genes, have also been included.
Chromosomes are plotted for different genetic linkage units against physical positions in a two-dimensional graph. Inconsistencies with an ideal linear correspondence are represented by changes in the slope of the regression curve. A steep * To whom correspondence should be addressed. slope stands for a smaller chance of genetic uncoupling, e.g. recombination, per physical unit and vice versa.
For a global comparison between different maps on a single chromosome the correlation coefficient (c.c.) and the Spearman rank c.c. were calculated. The Spearman c.c. solves some difficulties linked with the traditional c.c. It is robust towards the presence of outliers and does not require a normal distribution of the data (Sachs, 2002) .
GENERAL RELATIONSHIPS
Centromeres are characterized by abrupt steps between both chromosomal arms when plotting genetic against physical maps by using Cartographer. For non-acrocentric chromosomes, the situation at the telomeres is the inverse (Fig. 1 ). These show a higher recombination rate according to previously stated models for the distribution of recombination in the genome (Akhunov et al., 2003; Phillips et al., 2003) . These models also predict that gene density and recombination likelihood should mostly be proportional. The application shows this to be consistent even for different genetic linkage maps; for instance, the human chromosome bands 12q13-14 for both the Genethon (Fig. 1 ) and the Marshfield map. However, there are exceptions like the major histocompatibility (MHC) locus, where recombination is greatly suppressed within HLA class II subregions (Cullen et al., 1997) .
Besides the relationship between different genetic and physical maps, the software also analyzes the correlation between distinct genetic maps. Genetic linkage maps are shown to deviate stronger, from the linear model, than radiation hybrid maps, as expected by the hypothesis of linkage disequilibrium being dependent on the intimate structure of chromosomes and playing a decisive role in their evolution (Phillips et al., 2003) . over a single chromosome. The result is a distorted regression curve and confidence intervals at those positions, thus reducing the reliability of conversions. Such markers are detected and ignored for conversions.
CONVERSION PARTICULARITIES
The plot of genetic markers for chromosome 2 of the mouse with the MIT Genetic Map illustrates an unexpected split of the chromosome in two parallel arms. The split is consistent throughout markers of different sources. The inclusion of gene positions as additional genetic markers resolves the ambiguity and the lower arm of the split arises as the best matching the extended data set.
Global (e.g. the rat chromosome 18; Oxford Genetic Map versus physical map) and, to a lesser extent, local negative slopes-reflecting an error at the assembly stage-(e.g. the human chromosome 19; Stanford TNG RH Map versus physical map near to the end telomere) would make direct linear conversions simply absurd. These particularities are supervised by the user in the Cartographer application, and are-together with the foregoing examples-best arguments to avoid linear or averaged map conversions.
